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Description

Field of the Invention

[0001] The present invention pertains generally to
magnetic tape drives, and more particularly to a variable
speed data recording/recovery mechanism and method
thereof.

Background of the Invention

[0002] Tape storage technology is routinely used for
routine system back up and long-term data archiving.
Various tape technologies such as DAT, DLT, and 8mm,
have been developed over recent years to meetindustry
needs for higher performance and increased data stor-
age capacity. While they differ widely in format, capacity,
and performance, conventional tape storage devices re-
ly on some form of track-following architecture. Whether
the underlying recording technology is based on linear
serpentine or helical scan recording, track-following ar-
chitecture tape drives attempt to read a track completely
in a single pass using a single head assembly and op-
erating at a single fixed tape speed. The drive mecha-
nism and media tolerances are tightly controlled to
maintain a very precise alignment between the path
traced by the heads and the written tracks on a tape.
[0003] Track-following architecture tape drives save
some common inherent limitations. To either write or
read data, track-following tape technologies depend up-
on a constant head-to-tape speed for linear recording
or constant track pitch for helical scan recording. Ac-
cordingly, the tape drive must either receive stream data
at a constant transfer rate, or, when this does not occur,
initiate a stop/backhitch/start sequence.

[0004] Due to normal speed variations found in net-
work and workstation applications, the data transfer rate
to or from the host rarely matches the tape drive's fixed
read or write speed. Whenever a mismatch occurs, the
read or write operation is suspended and the tape is re-
positioned backwards to allow enough space to accel-
erate again to the forward operating speed. The time
required for this repositioning cycle, known as back-
hitching, increases data retrieval time. Furthermore,
backhitching not only impairs performance, but also se-
riously impacts data reliability, in operation, backhitch-
ing induces extremely high transient forces that greatly
increase tape wear and reduce the mechanical reliability
of the drive.

[0005] Another limitation imposed by the track-follow-
ing architecture is the significant area of the tape re-
quired to record track-following servo data. This servo
overhead consumes physical space on the tape and lim-
its the amount of data that can be written onto an indi-
vidual tape.

[0006] U.S. Patent 5,742,444 discloses a recording/
reproducing apparatus that adjustably controls the tape
running means in dependence upon the input data rate
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of a host device. The recording tape speed information
is recorded in the track ID information to allow the track-
ing servo to know to switch the speed of the tape during
readback to the speed at which it was recorded. Poten-
tial overwrite of valid data that can occur during a decel-
eration of tape speed is overcome using a thinning con-
trol circuit. Thinning control is conducted for a time pe-
riod corresponding to 2 tracks only when the tape speed
changes to half speed mode, and thinning control is con-
ducted at a rate of one track per two tracks at times sub-
sequent thereto. When a track is thinned, the recording
amplifier is turned off during the time corresponding to
when that track would be recorded onto tape. When thin-
ning control is on, the data is recorded to tape at a re-
duced rate and only in the tracks that are not thinned.
The approach of U.S. Patent 5,742,444 cannot solve all
potential data overwrite problems in a non-tracking var-
iable speed tape drive. In a non-tracking variable speed
tape drive, unless other corrective measures are em-
ployed, previously recorded data tracks may be poten-
tially overwritten during both a deceleration and an ac-
celeration in tape speed.

[0007] U.S. Patent 5,349,479 teaches a data transfer
method of a magnetic recording/reproducing apparatus
that switches the number of revolutions of the rotary
head and the feeding speed of the magnetic tape based
on the amount of data stored in buffer memory and the
rate at which the amount of data increases or decreas-
es. This system is also a tracking system and requires
a constant ratio of number of drum revolutions to tape
speed.

[0008] PCT WOQ095/26552 and related U.S. Patent
5,825,572 disclose a data recording apparatus that is
adapted to write and read digital data on and from a re-
cording medium such as a tape so as to be applicable
to recording of data. For writing and reading data while
controlling the driving mechanism to run and stop the
recording medium, a buffer memory is provided in order
to coordinate a data recording or reproduction effected
on the recording medium with a data transfer speed of
a data transferred from and to an external apparatus
such as a host computer. The data recording and repro-
ducing amount and the operation of the driving mecha-
nism are controlled based on the data transfer speed of
data transferred to the buffer memory. However, no so-
lution is presented for preventing overwrite of data due
to variable tape speed in non-tracking devices.

[0009] Finally, the tight tolerances required for track-
following technologies challenge the production mar-
gins of even the most sophisticated manufacturing fa-
cilities. Minute differences in assembly result in data
availability and tape interchange issues. Nominal pro-
duction variations, sometimes accentuated by differenc-
es in handling or environmental conditions, can make it
impossible to exchange media between supposedly
identical units from the same manufacturer. In other
words, data written on one tape drive may not be read
on another similar tape drive.
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[0010] In view of the inherent limitations of track-fol-
lowing tape control architectures and need in the tape
drive industry to keep pace with the disk drive industry
in terms of performance, capacity, and cost, a need ex-
ists for a new methodology for delivering the required
performance and capacity while reducing costs to the
end-user.

Summary of the Invention

[0011] The present invention is set out in claim 1.
There is provided a method for varying track recording
speed to maximize host-to-tape data transfer rates. Var-
iable data transfer rates of host systems and networks
are accommodated by continually adjusting the tape
speed to match the tape drive to the host's actual trans-
fer rate. This speed-matching capability eliminates
backhitching along with its associated delays and relia-
bility impacts.

In accordance with the invention, the speed of the tape
is adjusted according to both the level of data present
in the tape drive data buffer and whether the current
mode of the drive is write mode or read mode. In the
preferred embodiment, when the tape speed is acceler-
ated or decelerated while writing a number of data track
pairs to tape, a predetermined number of dummy track
pairs are first written to tape at the current speed. On
the next write head phase after the speed is increased
or decreased as appropriate while the read heads are
over the track, a predetermined number of dummy track
pairs followed by more data track pairs are written to the
tape at the new speed. Any resulting previously record-
ed track residue zones or overlap zones do not affect
the reliability of any data written onto the tape since they
occur between dummy track pairs, a detectable condi-
tion in read mode.

[0012] The present invention eliminates larger data
errors that occur with traditional designs due to limita-
tions of track following servo system and track curva-
ture. These errors historically flow from tension varia-
tions, mechanical misalignment, interchange toleranc-
es, and tape edge wear and damage. The tape speed
control is based upon the maximum data transfer rate
to the host computer or the fastest rate the device can
receive data on reading. For writing operations, the
speed control is based upon either the fastest rate the
system will support or the speed data is received from
a host computer. The speed of a remote host is matched
for data transfer although data reading from the tape is
possible even with the tape stopped.

Brief Description of the Drawing

[0013] The invention will be better understood from a
reading of the following detailed description taken in
conjunction with the drawing in which like reference des-
ignators are used to designate like elements, and in
which:
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FIG. 1 is a block diagram of a tape drive in accord-
ance with the invention;

FIG. 2 is a more detailed block diagram of a tape
drive implemented in accordance with one embod-
iment of the present invention;

FIG. 3 is a top angular view of a tape path in one
embodiment of the tape transport mechanism;
FIG. 4 is a side view of the tape transport mecha-
nism of FIG. 3;

FIG. 5is atop view of the tape transport mechanism
of FIG. 3;

FIG. 6 is a side view of a portion of a magnetic tape
illustrating a track pair;

FIG. 7(a) is a graphical view of tape speed plotted
against tape position and further correlated with the
content of a data buffer for an example write oper-
ation;

FIG. 7(b) is a graphical view of tape speed plotted
against tape position and further correlated with the
content of a data buffer for an example write oper-
ation;

FIG. 8 is a block diagram of a variable speed archi-
tecture tape transport control system in accordance
with the invention;

FIG. 9 is a flowchart of a method for preventing the
writing of thin tracks;

FIG. 10 is a timing diagram illustrating a method for
the synchronization of the write head position rela-
tive to tracks on the tape with a change in tape
speed;

FIG. 11 is a flowchart of one embodiment of a meth-
od for recording at variable tape speeds;

FIG. 12(a) is a side view of a portion of tape that
illustrates recorded track angle changes resulting
from an acceleration in tape speed;

FIG. 12(b) is a side view of a portion of tape that
illustrates recorded track angle changes resulting
from deceleration in tape speed;

FIG. 13(a) is a side view of a portion of tape that
illustrates a residue zone resulting from variations
in the acceleration control after an acceleration in
tape speed from a completely stopped position;
FIG. 13(b) is a side view of a portion of tape that
illustrates an overlap zone resulting from variations
in the acceleration control after an acceleration in
tape speed from a completely stopped position;
FIG. 14 is a timing diagram illustrating the detection
of speed errors encountered while the drive is in
write mode;

FIG. 15is a timing diagram illustrating the detection
of track pitch errors encountered while the drive is
in write mode;

FIG. 16 is a flowchart of one embodiment of a meth-
od for detecting conditions for rewriting a track;
FIG. 17 is a flowchart illustrating one embodiment
of a method for adjusting the tape speed during read
mode;

FIG. 18(a) is a side view of a portion of tape that
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illustrates how data is read from a tape having track
angle changes resulting from a acceleration in tape
speed;

FIG. 18(b) is a side view of a portion of tape that
illustrates how data is read from a tape having track
angle changes resulting from a deceleration in tape
speed;

FIG. 19 is a flowchart of the operation of a reel ten-
sion controller in accordance with the invention; and
FIG. 20 is a flowchart of the calibration method used
by reel tension controller.

Detailed Description

[0014] A variable speed recording mechanism and
method for a tape drive for supporting variable data
transfer rates from a host system is described in detail
hereinafter.

[0015] FIG. 1 is a block diagram illustrating the func-
tionality of a tape drive in accordance with the invention.
Tape controller 10 manages a plurality of functionally
separated blocks, including a host computer interface
12, a tape drive interface 14 which electromechanically
cooperates with motors 15 for performing various drive
functions, and read/write circuitry 16 which response to
commands from the controller 10 to perform reading and
writing functions relative to the tape through head as-
semblies 18. Interaction with the user is through display
20 and manual input 21. Typically, tape controller 10 is
an application specific integrated circuit (ASIC) that in-
cludes a microprocessor 13.

[0016] FIG. 2 is a more detailed block diagram of a
tape drive implemented in accordance with one embod-
iment of the present invention. In this embodiment, host
computer interface 12 is implemented in the form of a
Small Computer System Interface (SCSI), which in-
cludes a SCSI interface integrated circuit 25 to provide
an interface between host interface microcontroller 30
and SCSI bus connector 26. Microcontroller 30 provides
a control mechanism to support data and command
transfers on the SCSI bus 11 according to the standard
SCSI interface protocol. Microcontroller 30 performs
high-level tape control functions via tape controller 10.
Host interface microcontroller 30 communicates with
tape controller 10 over bus 33. Program memory 35
stores a control program for host interface microcontrol-
ler 30, which is either an electrically erasable and repro-
grammable programmable memory (Flash EPROM) or
a static random access memory (SRAM).

[0017] Head assembly 18 includes the recording and
check-after-write (CAW) heads 40. These are four fer-
rite heads mounted on a rotor assembly 40. The record-
ing heads convert the input electrical signals into a mag-
netic near-field equivalent that is impressed onto the
magnetic tape. All four heads are useable to read data
from the tape. In read mode, the impressed magnetic
field from the tape is converted by the head and output
as an equivalent electrical signal. The CAW heads are
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located behind the recording heads and are always
used to read data from the tape, but during write mode
are used exclusively to verify that the written data is re-
liably readable.

[0018] Motors 15 include drum motor 44, capstan mo-
tor 45, reel motor 46, and load/mode motor 48. Drum
motor 44 drives the rotating heads assembly 40 that
scans the tape surface in a helical pattern. Capstan mo-
tor 45 drives the capstan, which is responsible for reg-
ulating tape speed. The capstan motor 45 is bi-direc-
tional and can drive the tape in the forward or reverse
direction. Reel motor 46 drives the supply and take-up
reels of the tape cartridge and can likewise drive the
tape in either direction. The load/mode motor 48 pro-
vides power to a mechanical mechanism that loads and
unloads the tape cartridge from the tape mechanism. It
is also used to select the mode of operation, i.e.: for-
ward, reverse, fast forward and rewind. Tape controller
10 controls each of drum motor 44, capstan motor 45,
and reel motor 46 via respective 3-phase driver circuits
71, 72, and 73. Load/mode motor 48 is controlled by
tape controller via motor driver circuit 74. Motor drivers
71,72, 73, 74 are conventional voltage/current transla-
tion interfaces that are external to digital ASIC 62.
[0019] Tape drive interface 14 includes sensors for
determining the position and status of a tape cartridge
in the cartridge mechanism. Load/mode motor position
sensor 50 provides feedback on the position of the mode
control mechanism. This is used by tape controller 10
to control the operation of the mode motor 48. Reel ta-
chometers 51 provide speed feedback information for
each reel. This is used by tape controller 10 to control
reel speed. Reel voltage measurements are monitored
and used to control the tape tension between the cap-
stan and takeup reel during forward movement of the
tape and between the capstan and supply reel during
backward movement of the tape. Capstan tachometer
52 can typically be a single-phase tachometer that pro-
vides speed information about the capstan. Itis used by
tape controller 10 to verify proper direction and speed
control of the capstan motor 45. End-of-tape (EOT) and
beginning-of-tape (BOT) indicators are sensed by opti-
cal sensors 54 when the transparent tape leader passes
in front of those sensors. This information is used by
tape controller 10 to stop the reel motor(s) 46 and cap-
stan motor 45.

[0020] Cartridge switches 55 interact with specific lo-
cations of the tape cartridge to provide tape controller
10 with information about the tape cartridge such as
whether a tape cartridge is inserted in the drive, the type
of tape (data vs. cleaning), the length of the tape, and
its write protection status.

[0021] Read/write circuitry 16 manages the conver-
sion of digital data from tape controller 10 into analog
signals that are appropriate for the recording heads 40
and vice versa. It includes write driver 56 which convert
the digital data stream from tape controller 10 into a
large enough current to drive the recording heads 40.
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Equalization circuit 59 is a series of filters designed to
reduce noise and condition the signal out from the read
heads 40. An analog application specific integrated cir-
cuit (ASIC) 60 is responsible for creating a clock and
data stream from the serial data stream received from
the read heads 40 after being passed through equaliza-
tion circuit 59.

[0022] Tape controller 10 interfaces with a host sys-
tem via SCSI controller 25, and with the tape drive via
the tape drive interface 14 and motors 15. Controller 10
employs a digital ASIC 62 for a variety of functions in-
cluding among others speed and direction control of all
motors, data formatting and unformatting, and genera-
tion and use of error correction. A static random access
memory (SRAM) 64 provides a large memory that is
used as a data buffer to temporarily store data before
being transferred from the host onto tape, or before be-
ing transferred from tape to the host. Another memory
65 is a relatively small SRAM memory used to store ta-
ble and error correction redundant terms. It is also used
to temporarily buffer small amounts of data from the data
stream between the tape controller 10 and the read/
write circuitry 16.

[0023] A small, non-volatile random access memory
(NVRAM) 66 stores personality information about the
drive such as serial number and drive calibration param-
eters.

[0024] The tape drive in the illustrative embodiment
utilizes an 8mm tape cartridge that has tracks recorded
thereon in a helical scan pattern. It is, for example, in-
tended to store 33 gigabytes of data with recovery
speeds of up to 3 megabytes per second and a 5.25 inch
form factor. It relies upon a variable speed architecture
wherein servo controls are applied to tape speed and
position during read operations. The variable speed ar-
chitecture permits excellent performance under all con-
ditions and reduces wear of heads, mechanisms, and
media by eliminating reposition cycles characteristic of
streaming tape drives. Itis also relatively simple and low
cost to design.

[0025] FIG. 3isatopangularview and FIG. 4 is a side
view of the tape path resulting from one arrangement of
motors including a reel drive motor 82, capstan motor
83, drum motor 84, and drum 85. Drum 85 cooperates
with capstan 91 and idler rollers 92 and 93 to retain the
tape 80 in an arc of 196 degrees relative to the circum-
ferential periphery of drum 85. Capstan 91 is operated
by capstan motor 83 so as to modify the position of tape
80 relative to the path of head 96, 97, 98, 99 rotating on
drum 85 to maximize the rate at which packets are read
from tape 80. In other words, the relationship between
tape position (or track position) and the path of the read/
write heads is adjustable to alter the rate at which data
is read from the tape. In the illustrative embodiment, da-
ta is read over a continuously variable transfer rate of
up to a maximum of over 100% of the rate at which data
is nominally recorded.

[0026] Data is written at integer fractions of the nom-
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inal recording data rate with a "pause" mode available
for use during both read and write operations, discussed
hereinafter with respect to FIGS. 7(a) and 7(b). Pause
mode is useful when data over-run or data under-run
conditions occur.

[0027] Datais writtenintracksinan alternate azimuth,
helical pattern by heads 96-99 on drum rotor 85 with an
alternate azimuth technique. That is, a pair of alternate
azimuth data tracks are recorded simultaneously at an
angle across the tape by a pair alternate azimuth adja-
cent write heads. A tape speed servo controller (not
shown) maintains the period of drum rotor 85 and speed
of tape 80. Data is checked half a drum rotation after
writing by a pair of alternate azimuth CAW heads located
180 degrees relative to the pair of write heads, and of-
fending tracks re-written "on the fly" as required. Accord-
ingly, for each rotation of drum rotor 85, two tracks are
written and a write check of those two tracks is per-
formed.

[0028] Data is read with all four heads 96-99 using the
alternate azimuth reading technique. The tape speed
servo controller, discussed in detail hereinafter, main-
tains the period of drum rotor 85 and speed of tape 80.
The tape 80 advances a maximum of one track per ro-
tation and error correction is effected after scanning the
track with both like-azimuth heads.

[0029] FIG. 5 is a top view of the tape drive configu-
ration of FIGS. 3 and 4, illustrating the path followed by
tape 80. Tape 80 circulates between supply reel 88 and
take-up reel 89 after passing over a series of idler rollers
94a, 94b, 94c, 94d, 94e, and 94f, a biased tension arm
and roller 95, and between capstan 91 and pinch roller
92. Drum 85 rotates so as to magnetically exchange da-
ta between heads 96-99 (see FIG. 3) mounted thereon
and tape 80 as it passes over the periphery of the drum
85.

[0030] FIG. 6is a side view of a portion of a magnetic
tape 136 illustrating the angle and position of a pair of
typical data tracks 131 and 132 written on it. While only
two tracks 131 and 132 are shown, it is understood that
many more tracks can precede and/or follow these two
examples. Each data track 131, 132 is similar and in-
cludes a track packet 133, a series of data packets 134,
and an error correction packet 135. In the illustrative em-
bodiment, data packets 134 include approximately four
hundred packets of data comprising up to sixty-four user
bytes of data.

[0031] The variable speed architecture of the inven-
tion is well suited for high density TPI (tracks per inch)
recording. Importantly, no tracking servo is required.
This improves the data capacity of the tape cartridge
since the portion of the tape traditionally occupied by
servo information is made available for data instead.
The elimination of the tracking servo also decreases the
number components and assemblies of the system,
thereby reducing overall cost and lowering power de-
mand. Advantages realized further include operation
over a wide range of mechanical component and align-
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ment tolerances. Improved data reliability is obtained
under varying conditions of data interchange, tempera-
ture, humidity, shock, and vibration.

[0032] A WRITE operation for a variable speed archi-
tecture tape drive implemented in accordance with the
invention is illustrated in FIG. 7(a). The tape speed is
plotted against tape position and further correlated with
the content of a data buffer 100, such as 64 in FIG. 2,
whose various conditions are presented along the upper
portion of the plot. When buffer 100 is loaded with data
up to the "F" location, this indicates that buffer 100 is
full, whereas when the data level is all the way down to
the "E" location, this indicates that buffer 100 is empty.
The proportional buffer contents between those two
boundary states are shown by the shaded portion of
each buffer. Thus, while the system might employ an
array of storage locations to perform the buffer 100 func-
tion, the various locations shown in FIGS. 7(a) and 7(b)
reflect the contents of the buffer 100 at particular points
in time.

[0033] In the example WRITE operation of FIG. 7(a),
itis assumed that the drive is initially moving at full speed
and that the data buffer 100 is fully loaded at 101. As
buffer 100 approaches empty, the speed of the drive is
reduced, and vice versa, up to the point shown at 106
where the buffer is empty. At that time, a Pause Mode
is entered wherein the tape speed is reduced to zero as
at time point 110. However, receipt of any data into buff-
er 100 causes the driver to resume motion and ultimate-
ly regain full speed as at the end of the FIG. 7(a) plot.
[0034] As buffer 100 attains full status, the tape speed
is shifted upwards until full speed is reached. Data drain-
ing of buffer 100 results in a slowing of the tape speed
whereas detection of a filling buffer 100 results in a shift
to a faster tape speed. If buffer 100 is empty, the tape
is stopped as at 110 and the Pause Mode is entered.
The next WRITE operation received from the host sys-
tem is started from the paused tape position, but no re-
positioning of the tape occurs.

[0035] A READ operation for a variable speed archi-
tecture tape drive implemented in accordance with the
invention is illustrated in FIG. 7(b). In this example, buff-
er 100 is shown filling at 111, 112 and 113, with the tape
speed approaching a maximum of full speed. From an
empty state, maximum acceleration is employed. The
tape velocity is reduced as data buffer 100 fills. That is,
as data buffer 100 approaches a full state, the tape
speed is reduced to prevent data losses. When buffer
100 is completely filled as at 118, the tape is stopped
and the Pause Mode is entered as shown at 120. The
next read operation is commenced from position 120
without the need for any tape repositioning.

[0036] FIG. 8 is a block diagram of a variable speed
architecture tape transport system 300 in accordance
with the invention. In system 300 unformatted data 334
is entered into data buffer 302 during write mode and is
formatted by data formatter 304. The formatted data 332
is recorded onto a magnetic tape by write channel cir-
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cuitry 306. The head widths 317 and head placement
318 are selected to optimize the check after write and
overscan performance. Adjustable head timing 316 al-
lows the drive to automatically coordinate the time the
read heads are activated with the physical position of
the data written on the tape.

[0037] Radius calculator 330 continuously calculates
the supply and takeup reel radii as tape moves between
the supply real and the takeup reel. This calculation is
based upon the capstan and reel tachs 331.

[0038] Datais removed from buffer 302 as it is written
onto tape, and a data buffer level 303 is adjusted to re-
flect the current amount of data in the buffer relative to
the maximum buffer capacity.

[0039] During read mode, read channel circuitry 306
recovers formatted data 332 from tape, which is defor-
matted by deformatter 304 and entered into data buffer
302. Unformatted data 234 is added to buffer 302 as it
is read from tape and is removed from buffer 302 as it
retrieved for transmission to a host system. Again, the
data buffer level 303 is adjusted to reflect the current
amount of data in the buffer relative to the maximum
buffer capacity.

[0040] Controller 310 monitors the buffer level 303 to
determine the appropriate transport speed (or position)
of the tape. The appropriate speed (or position) of the
tape may be different between read mode and write
mode for a given buffer level 303, as described in con-
junction with FIGS. 7(a) and 7(b). In either mode, how-
ever, controller 310 determines whether an adjustment
of the current write speed is required based on the cur-
rent buffer level 303. If the tape speed requires adjust-
ing, controller 310 determines a new tape speed 311
based on the current buffer level 303. A head timing con-
troller 314 synchronizes the change in tape speed with
the detection of a beginning of a track on the tape. The
details of the head timing controller 314 are described
hereinafter. Tape speed controller 312 changes the
speed (or position) of the tape in accordance with the
new write speed 311 and a speed change enable signal
315 generated by head timing controller 314.

[0041] Reel tension controller 326 controls the tape
tension between the capstan and takeup reel during for-
ward tape movement, as indicated by direction signal
327, and between the capstan and supply reel during
backwards tape movement. During manufacturing, the
values of reel amplifier voltage 328 for the correct ten-
sions are stored in non-volatile RAM 66. When running,
the reel tension controller 326 outputs a pulse width
modulation (PWM) signal to the reel amplifier 72. The
PWM signal changes based upon the radii 329 and the
measured amplifier voltage 328. An illustrative embod-
iment of the method implemented by reel tension con-
troller 326 is illustrated in FIG. 19.

[0042] Asillustrated, the reel motor voltage is updated
to provide the correct tape tension between the capstan
and reel every 8 msec. In a first step 502, radius calcu-
lator 330 determines whether enough tape motion has
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occurred, based on the change in reel and capstan
tachs 331, to justify a new radius calculation. If so, radius
calculator 330 calculates the new radii 329 for the supply
reel and takeup reel in step 504. The new radii 329 and
the tension constants stored in NVRAM 66 correspond-
ing to the current direction 327, which are stored in step
506, are used by reel tension controller 326 for calcu-
lating a reel motor voltage corresponding to the correct
tape tension between the capstan and reel in step 508.
The newly calculated reel motor voltage is applied to the
reel motor to adjust the tension between the capstan
and reel every millisecond. This is accomplished by per-
forming the steps of measuring the reel amplifier output
voltage in step 512, comparing the measured amplifier
voltage with the calculated voltage in step 514 which
provides the correct tape tension, and adjusting the in-
put signal to the reel amplifier in step 516 to obtain the
correct output voltage.

[0043] FIG. 20 is a flowchart of the calibration method
used by reel tension controller. As illustrated, in a step
602 the minimum voltage required to spin the takeup
and supply reel hubs with the tape mechanism fully
ejected is determined. These offset measurements are
stored in non-volatile RAM 66 in step 604. A special
"golden standard" torque tape cassette is loaded into
the drive in step 606. The drive begins playing the spe-
cial torque cassette in forward play mode in step 608.
The forward tension slope is adjusted to achieve the cor-
rect tension between the capstan and takeup reel in a
step 610. The drive then plays the special torque cas-
sette in reverse play mode in step 612. The reverse ten-
sion slope is adjusted to achieve the correct tension be-
tween the capstan and supply reel in a step 614. The
forward and reverse tension slopes are stored in non-
volatile RAM 66 in step 616. This system maintains the
correct tension as the radii vary and as the drive tem-
perature or power supply voltages fluctuate. To accom-
plish this, other tape devices have used active tension
sensors and dual reel motors or slip clutches in the sup-
ply and takeup hubs. The active tension sensors and
dual reel motors added significant cost and complexity
to the tape drive. The slip clutches provided inconsistent
tension from unit to unit and over the life of the tape
drive.

[0044] The position on tape, as indicated by tape-
count 321 is calculated by physical position identifier
322 using the reel tachs 324. The tapecount 321 is de-
fined as the sum of the supply reel and takeup reel tachs.
As tape moves from the supply reel to the takeup reel,
the count value increases. As tape moves from the take-
up reel onto the supply reel, the count value decreases.
Tapecount 321 is set to zero at the beginning of tape.
[0045] Highspeed tape repositioning is accomplished
with tape position controller 320. The reel motor is used
to reposition the tape to a target position 325 provided
by the read/write controller 310.

[0046] A thin track could be written if the tape moves
too slowly (i.e., reducing the track spacing). The condi-
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tion of moving too slowly is detected as a speed error
and/or position error. This detected error causes the
track to be rewritten. Since rewriting a track reduces the
amount of data that can be written on a tape, the number
of rewrites are attempted to be minimizes. FIG. 9 is a
flowchart of a method to prevent writing thin tracks. The
track spacing error is calculated every predetermined
interval (e.g., 1 msec) in step 500. A reference position
is calculated based upon the desired tape speed in step
501. In step 502 the current tape spacing is inferred from
the measured capstan tach 502. These two terms are
used to form the track spacing error 503. If the track
spacing is too large, as determined in step 504, it means
that the tape has moved too quickly. If the spacing is too
small, the tape has moved too slowly. The natural re-
sponse is to slow down when the tape is moving too
quickly. To avoid this, when the position is further than
the target 505, the reference position is set in step 505
to the measured position. The new position error is then
set to zero in step 506. The position error is used in step
507 by the read/write controller 310 as one parameter
for determining the new read/write speed 311.

[0047] FIG. 10is atiming diagram illustrating the syn-
chronization of the write head position relative to tracks
on the tape with a change in tape speed, as performed
by head timing controller 314. In this embodiment, head
timing controller 314 receives a head type signal
WRITE_HEAD that is logically high when the two re-
cording, or "write", heads are positioned over the tape
and logically low when the two CAW heads are posi-
tioned over the tape. Head timing controller 314 gener-
ates a SYNC pulse a predetermined time )(t1) after the
rising edge of WRITE_HEAD. This triggers the output
of speed change enable signal 315 SPEED_CHANGE_
EN pulse a predetermined time )(t2) later, during the
phase in which the read heads are positioned over the
tape. Tape speed controller 312 adjusts the speed (or
position) of the tape to the new speed 311 in synchroni-
zation with the SPEED_CHANGE_EN 315 pulse. The
allowable difference in adjusted speed is limited to that
which results in the final desired speed being achieved
within the phase )(t3) in which the read head is over the
tape. This ensures that the tape is moving at a constant
speed during the time the track is being recorded (i.e.,
while the write heads are over the track) such that un-
intentional track curvature does not result. FIG. 10 illus-
trates an example of the actual tape velocity for a de-
celeration example, labeled TAPE_VELOCITY_1, and
an acceleration example, labeled TAPE_VELOCITY_2.
In both the deceleration and acceleration examples, the
actualinitial speed and actual final speed may represent
different values anywhere between the maximum and
minimum speeds in order to accommodate various
speed change trajectories.

[0048] FIG. 11 is a flowchart of the method employed
by the variable speed architecture of the tape drive while
it is in write mode. According to the method, variable
speed recording is begun in step 400 when the drive
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enters write mode. An initial tape speed is selected in
step 402 based on the amount of data present in the
data buffer 302. The data formatter 304 is configured in
step 404 to write a predetermined number of dummy
tracks before changing speed. The head timing control-
ler 314 is configured for a speed change in step 406.
The dummy tracks are poised to be written to tape via
the write channel circuitry 306 in step 408. Meanwhile,
head timing controller 314 monitors the position of the
heads in step 410, generating speed change enable sig-
nal SPEED_CHANGE_EN in synchronization with the
beginning of the phase in which the read heads are po-
sitioned over the tape. Tape speed controller 312 chang-
es the speed of the tape to the new speed in step 412.
Meanwhile, data formatter 304 is configured to write a
programmable number of data tracks in step 414, which
are written to tape the next time the write heads are po-
sitioned over the track in step 416, followed by writing
actual data tracks in step 418 containing data (formatted
into data tracks) from the buffer 302.

[0049] FIGS. 12(a) and 12(b) illustrate recorded track
angle changes resulting from a respective deceleration
and acceleration in tape speed. When the tape speed
is decelerated while writing a number of data track pairs
481 to tape 480, as shown in FIG. 12(a), a predeter-
mined number of dummy track pairs 482 is first written
to tape at the current speed. The speed is decreased
while the read heads are over the track. On the next
write head phase, a predetermined number of dummy
track pairs 483 followed by more data track pairs 484
are written to the tape at the new slower speed. As
shown, this results in a "residue" zone 485 on tape 480
wherein data is indeterminate. The residue zone 485
does not affect the reliability of any data written onto the
tape, however, since no data tracks overlap.

[0050] When the tape speed is accelerated while writ-
ing a number of data track pairs 486 to tape 480, as
shownin FIG. 12(b), a predetermined number of dummy
track pairs 487 are first written to tape at the current
speed. The speed is increased while the read heads are
over the track. On the next write head phase, a prede-
termined number of dummy track pairs 488 followed by
more data track pairs 489 are written to the tape at the
new faster speed. As shown, this results in an overlap
zone 490 between dummy track pair 487 and dummy
track pairs 488. The overlap zone 490 does not affect
the reliability of any data written onto the tape, however,
since it occurs only between dummy track pairs 488 and
489.

[0051] If the tape speed is accelerated from a com-
pletely stopped position, for example after resuming
from a paused mode as at 110 in FIG.7(a), variations in
the acceleration control may result in either residue
zones 492 or overlap zones 494 as illustrated respec-
tively in FIGS. 13(a) and 13(b). However, dummy track
pairs are again written both before acceleration and af-
ter acceleration just as during a normal acceleration op-
eration, so these regions do not affect the reliability of
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the data written to tape from the paused mode.

[0052] FIG. 14 is a timing diagram illustrating the de-
tection of speed errors encountered during the read-
back-check of the data by the tape speed controller 312
while the drive is in write mode. In this example, the cap-
stan signal WRITE_HEAD indicates the position of the
write head over the tape. A maximum speed threshold
and minimum speed threshold are programmable and
set to values which, if respectively exceeded or not met,
could possibly lead to a residue zone or overlap region
regardless of the type of track being written. This is un-
desirable if the tracks being written are actual data
tracks. Accordingly, in the illustrative embodiment, if the
tape speed TAPE_VELOCITY does not remain between
the thresholds MAX_SPEED and MIN_SPEED, a re-
spective threshold violation signal OVER_MAX_
SPEED or UNDER_MIN_SPEED is asserted, which re-
sults in the assertion of check-after-write fail signal
FAILED_CAW 313.

[0053] Check-after-write fail signal FAILED_CAW 313
may also be raised due to unacceptable tape position
control. FIG. 15 illustrates the response of tape speed
controller 312 to a violation of a position control failure.
In this example, a measure of the track spacing is taken
and compared to a programmable maximum spacing
threshold MAX_PITCH and minimum spacing threshold
MIN_PITCH. If the measured track pitch is below the
minimum spacing threshold MIN_PITCH, error signal
UNDER_MIN_PITCH is signaled; if the measured track
pitch is beyond the maximum spacing threshold
MAX_PITCH, error signal OVER_MAX_PITCH is sig-
naled. The generation of either error signal
UNDER_MIN_PITCH or OVER_MAX_PITCH asserts
the check-after-write fail signal FAILED_CAW 313,
which causes the offending track to be rewritten.

FIG. 16 is a flowchart of the method used by tape speed
controller 312 to detect conditions for rewriting a track.
When the drive is in write mode, the capstan tachometer
signal WRITE_HEAD is monitored in step 442 until it in-
dicates that the write heads are positioned at the begin-
ning of a new track. Once the write heads are positioned
over a new track, the drive begins to measure the track
pitch in step 444. The tape speed is monitored in step
446 and compared in step 448 to the maximum and min-
imum speed thresholds MAX_SPEED and MIN_SPEED
as shown in FIG. 14 to detect any threshold violations.
If a threshold violation is detected the particular speed
threshold violation is denoted in step 450. In step 452,
the position of the tape is checked to determine whether
the write heads have reached the end of the new track.
If not, steps 446, 448, and 450 (if appropriate) are re-
peated. Once the write heads have reached the end of
the new track in step 454, the tape speed signal is no
longer monitored. The position of the write heads is con-
tinuously monitored in step 456 until the beginning of
the next track is detected, at which time the track pitch
is calculated in step 458. The track pitch is compared in
step 460 to the maximum and minimum allowed track
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pitches MAX_PITCH and MIN_PITCH to detect any
pitch threshold violations. If a track pitch threshold vio-
lation is detected, the particular position threshold vio-
lation is denoted in step 462. If a speed or position
threshold violation as determined to have occurred dur-
ing step 464, the check-after-write fail signal
FAILED_CAW is asserted in step 466 to indicate that
the check-after-write of the previous track failed. The
previous track is then rewritten in step 468.

[0054] FIG. 17 is a flowchart illustrating the method
employed by the variable speed architecture of the tape
drive while it is in read mode. According to the method,
variable speed reading is begun in step 420 when the
drive enters read mode. An initial tape speed is selected
in step 422 according to the amount of data present in
the data buffer 302. The head timing controller 314 is
configured for a speed change in step 424. Head timing
controller 314 monitors the position of the heads in step
410, generating speed change enable signal
SPEED_CHANGE_EN in synchronization with read
heads positioned over the tape. This triggers tape speed
controller 312 to change the speed of the tape to the
new speed. Read channel circuitry 306 reads data from
the tape, which is deformatted by deformatter 304 and
put into data buffer 322 in step 426. The buffer level 303
indicating the current amount of data in buffer 322 rela-
tive to its maximum capacity is monitored in step 428. If
the buffer level 303 indicates that data buffer 302 is
nearly full (relative to a predetermined threshold), con-
troller 310 calculates a slower read speed in step 430,
and steps 424, 426, and 428 are repeated. If the buffer
level 303 indicates that data buffer 302 is nearly empty
(relative to a predetermined threshold) in step 432, con-
troller 310 calculates a faster read speed in step 434
and steps 424 - 428 are repeated. If the buffer level ap-
pears to remain steady (indicating that the data transfer
rate is sustained at a streaming rate), no adjustment in
speed is made.

[0055] It will be appreciated by those skilled in the art
that any number of buffer level thresholds may be set
which result in a tape speed change more or less often.
Furthermore, each buffer level threshold may be set at
any level between those representing a full and empty
buffer, preferably at levels determined to optimize the
matching of the tape speed to that of the host system.

[0056] FIGS. 18(a) and 18(b) illustrate how data is
read from a tape having track angle changes resulting
from a respective deceleration and acceleration in tape
speed. When the tape 480 contains a residue zone 475
resulting from a deceleration in tape speed during write
mode, as shown in FIG. 18(a), portions of opposite-az-
imuth dummy track pairs 471 and 472 are read first by
leading write head A and then by trailing write head B
one revolution of the drum later. If the angle of the heads
with respect to the tracks 471-474 do not match, any
given head A or B will not read an entire track during a
first pass. Instead, as illustrated in the example of FIG.
18(a), at position P1 leading head A can read portions
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of dummy A-azimuth track 472 and any old A-azimuth
data found in the residue zone 475, while trailing head
B can read portions of dummy B-azimuth track 471. At
position P1 any A-azimuth data from dummy track 471
is notread by head A and any A-azimuth data from dum-
my track 472 is not read by head B due to the opposite
azimuths of the tracks and the ability of the heads to
detect data written along the appropriate azimuth. At po-
sition P2 head A is completely aligned over dummy B-
azimuth track 473 and head B is completely aligned over
dummy A-azimuth track 474, and hence neither head A
nor B detect any data. At position P3 head A is posi-
tioned over a portion of dummy A-azimuth track 474 and
a portion of dummy B-azimuth track 473, and hence de-
tects only A-azimuth data from track 474 indicating that
it is a dummy track. Head B is positioned over a portion
of dummy B-azimuth track 473, a portion of residue zone
475, and a portion of dummy A-azimuth track 472, and
hence detects any B-azimuth data from track 473 indi-
cating that it is a dummy track, and any old B-azimuth
data present in residue zone 475 left over from a previ-
ous recording. Data formatter 304 must therefore keep
track of, and discard, any detected data found between
two adjacent dummy tracks.

[0057] When the tape 480 contains an overlap region
resulting from an acceleration in tape speed during write
mode, as shown in FIG. 18(b), the use of dummy tracks
again ensures reliable data recovery as follows. Por-
tions of opposite-azimuth dummy track pairs are read
first by leading write head A and then by trailing write
head B one revolution of the drum later. If the angle of
the heads with respect to the tracks 476-479 do not
match, any given head A or B will not read an entire track
during a first pass. Instead, as illustrated in the example
of FIG. 18(b), at position P4 leading head A can read
portions of dummy A-azimuth track 477 and dummy A-
azimuth track 479, while trailing head B can read por-
tions of dummy B-azimuth track 476. At position P4 any
A-azimuth data from dummy track 478 is not read by
head A and any A-azimuth data from dummy track 477
is not read by head B due to the opposite azimuths of
the tracks. At position P5 head A is completely aligned
over dummy A-azimuth track 479 and head B is com-
pletely aligned over dummy A-azimuth track 478, and
hence heads A and B both detect correct data. At posi-
tion P6 head A is positioned over a portion of dummy A-
azimuth track 479, and hence detects A-azimuth data
from track 479 indicating that it is a dummy track. Head
B is positioned over a portion of dummy A-azimuth track
479, a portion of dummy B-azimuth track 478, and a por-
tion of dummy A-azimuth track 477, and hence detects
only B-azimuth data from track 478 indicating that it is
a dummy track. Accordingly, because all detected data
during this portion of the tape is a dummy track of one
azimuth or the other, and hence not entered into the data
buffer, the use of dummy tracks immediately before and
after changing tape speeds during write mode elimi-
nates any data recovery problems when the same por-
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tion of the tape is read during read mode.

[0058] It will be appreciated from the above descrip-
tion of the invention that the dynamic variable tape
speed control, in combination with the ready mode, dra-
matically boost performance during read and write op-
erations, when the host system cannot achieve or main-
tain the tape drive's rated throughput. The variable
speed architecture produces a match of the average da-
ta transfer rate of a host computer and eliminates tape
repositioning cycles. The read data rate is continuously
variable. The architecture of the invention operates to
slow the tape speed to enhance read accuracy. This is
particularly valuable when interchanging data tapes
amongst similar tape drives. Accordingly, back up and
restore times are accelerated through the elimination of
backhitching.

Claims

1. A method for recording data at variable speeds onto
a magnetic tape (480) with a variable speed mag-
netic recording and reproducing apparatus which
tape is being transported across a rotating drum
(85) at a current tape transport speed, said rotating
drum having a recording head (96, 97, 98, 99) dis-
posed thereon to pass over said tape upon rotation
of said drum, said data being received from a host
system (12) and temporarily stored in a data buffer
(64), said method comprising:

monitoring (402) a current buffer level (303) of
said data buffer, said current buffer level indi-
cating an amount of data currently present in
said data buffer;

determining (402) a new tape transport speed
based on said current buffer level;

writing (404) a first predetermined number of
dummy tracks (482, 487) onto said magnetic
tape at said current tape transport speed;
adjusting (412) said current tape transport
speed to said new tape transport speed; and
writing (414/416) a second predetermined
number of dummy tracks (483, 488) onto said
magnetic tape at said new tape transport speed
immediately after said first predetermined
number of dummy tracks;

wherein said current tape transport speed and
said new tape transport speed are each non-zero.

2. A method in accordance with claim 1, comprising:

recording (418) a second data track (484, 489)
onto said magnetic tape at said new tape trans-
port speed immediately after said second pre-
determined number of dummy tracks.
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3. A method in accordance with claim 1 or 2, compris-
ing:

recording a first data track (481, 486) onto said
magnetic tape at said current tape transport
speed immediately before said first predeter-
mined number of dummy tracks.

4. A method in accordance with claim 1, 2 or 3, where-
in said new tape transport speed is slower than said
current tape transport speed.

5. A method in accordance with claim 1, 2 or 3, where-
in:

said new tape transport speed is faster than
said current tape transport speed.

6. A methodin accordance with claim 2, 3, 4, or 5 com-
prising:

measuring (446) said current tape transport
speed;

determining (448) whether said current tape
transport speed is outside a speed control limit;
and

if said current tape transport speed is outside
said speed control limit, performing the steps
of:

setting said new tape transport speed to a
speed within said speed control limit :

adjusting said current tape transport
speed to said new tape transport
speed; and

re-recording (468) said second data
track onto said magnetic tape at said
new tape transport speed.

7. A method in accordance with claim 2, 3, 4, 5, or 6,
comprising:

measuring (444, 458) a track pitch, said track
pitch comprising the distance between said re-
corded track and an immediately-previous pre-
viously-recorded track;

determining (460) whether said track pitch is
outside a track pitch control limit; and

if said track pitch is outside said track pitch con-
trol limit, performing the steps of:

setting (505) said new tape transport
speed to a speed that will place a next
measured track pitch within said track pitch
control limit ;

adjusting (507) said current tape transport
speed to said new tape transport speed;
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and

re-recording (468) said second data track
onto said magnetic tape at said new tape
transport speed.

8. A method in accordance with claim 1, 2, 3, 4, 5, 6,

or 7, wherein:
said adjusting step comprises:

commencing said speed adjustment when
said rotating drum is positioned such that
said recording head is not positioned over
said tape; and

completing said speed adjustment before
said recording head becomes positioned
over said tape.

9. A method in accordance with claim 2, 3, 4, 5, 6, 7,

or 8, comprising:

reading back said recorded second data track
at said new tape transport speed Immediately
after said recorded second data track is record-
ed onto said magnetic tape.

10. A method in accordance with claim 12, comprising:

re-recording (468) said second data track if
said recorded second data track is unreadable.

11. A method in accordance with claim 1, comprising:

reading a track from said magnetic tape at said
new speed.

Patentanspriiche

1.

Ein Verfahren zum Aufzeichnen von Daten bei va-
riablen Geschwindigkeiten auf ein Magnetband
(480), mit einer Magnetaufzeichnungs- und Wie-
dergabevorrichtung mit variabler Geschwindigkeit,
wobei das Band bei einer aktuellen Bandtransport-
geschwindigkeit GUber eine Drehtrommel (85) trans-
portiert wird, wobei die Drehtrommel einen Auf-
zeichnungskopf (96, 97, 98, 99) aufweist, der auf
derselben angeordnet ist, um auf die Drehung der
Trommel hin Uber das Band zu laufen, wobei die
Daten von einem Hostsystem (12) empfangen und
temporér in einem Datenpuffer (64) gespeichert
werden, wobei das Verfahren folgende Schritte um-
faldt:

Uberwachen (402) eines aktuellen Pufferpe-
gels (303) des Datenpuffers, wobei der aktuelle
Pufferpegel eine Datenmenge anzeigt, die der-
zeit in dem Datenpuffer vorliegt;
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Bestimmen (402) einer neuen Bandtransport-
geschwindigkeit auf der Basis des aktuellen
Pufferpegels;

Schreiben (404) einer ersten vorbestimmten
Anzahl von Blindspuren (482, 487) auf das Ma-
gnetband bei der aktuellen Bandtransportge-
schwindigkeit;

Einstellen (412) der aktuellen Bandtransport-
geschwindigkeit auf die neue Bandtransportge-
schwindigkeit; und

Schreiben (414, 416) einer zweiten vorbe-
stimmten Anzahl von Blindspuren (483, 488)
auf das Magnetband bei der neuen Bandtrans-
portgeschwindigkeit, unmittelbar nach der er-
sten vorbestimmten Anzahl von Blindspuren;

wobei die aktuelle Bandtransportgeschwindigkeit
und die neue Bandtransportgeschwindigkeit jeweils
ungleich Null sind.

Ein Verfahren gemaR Anspruch 1, das folgenden
Schritt umfaft:

Aufzeichnen (418) einer zweiten Datenspur
(484, 489) auf das Magnetband bei der neuen
Bandtransportgeschwindigkeit, unmittelbar
nach der zweiten vorbestimmten Anzahl von
Blindspuren.

Ein Verfahren gemal Anspruch 1 oder 2, das fol-
genden Schritt umfaf3t:

Aufzeichnen einer ersten Datenspur (481, 486)
auf das Magnetband bei der aktuellen Band-
transportgeschwindigkeit, unmittelbar vor der
ersten vorbestimmten Anzahl von Blindspuren.

Ein Verfahren gemaf Anspruch 1, 2 oder 3, bei dem
die neue Bandtransportgeschwindigkeit langsamer
ist als die aktuelle Bandtransportgeschwindigkeit.

Ein Verfahren gemaR Anspruch 1, 2 oder 3, bei dem
die neue Bandtransportgeschwindigkeit schneller

ist als die aktuelle Bandtransportgeschwindigkeit.

Ein Verfahren geman Anspruch 2, 3, 4 oder 5, das
folgende Schritte umfaf3t:

Messen (446) der aktuellen Bandtransportge-
schwindigkeit;

Bestimmen (448), ob die aktuelle Bandtrans-

portgeschwindigkeit aulerhalb einer
Geschwindigkeitssteuerungsbegrenzung liegt;
und
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falls die aktuelle Bandtransportgeschwindigkeit
aullerhalb der Geschwindigkeitssteuerungs-
begrenzung liegt, Durchfiihren folgender
Schritte:

Einstellen der neuen Bandtransportge-
schwindigkeit auf eine Geschwindigkeit in-
nerhalb der Geschwindigkeitssteuerungs-
begrenzung;

Einstellen der aktuellen Bandtransportge-
schwindigkeit auf die neue Bandtransport-
geschwindigkeit; und

Neuaufzeichnen (468) der zweiten Daten-
spur auf das Magnetband bei der neuen
Bandtransportgeschwindigkeit.

7. Ein Verfahren gemal einem der Anspriiche 2, 3, 4,

5 oder 6, das folgende Schritte umfal3t:

Messen (444, 458) eines Spurabstands, wobei
der Spurabstand den Abstand zwischen der
aufgezeichneten Spur und einer unmittelbar
vorhergehenden vorher aufgezeichneten Spur
umfalfdt;

Bestimmen (460), ob der Spurabstand auler-
halb einer Spurabstandssteuerungsbegren-
zung liegt; und

falls der Spurabstand auf3erhalb der Spurab-
standssteuerungsbegrenzung liegt, Durchfiih-
ren folgender Schritte:

Einstellen (505) der neuen Bandtransport-
geschwindigkeit auf eine Geschwindigkeit,
die einen nachsten gemessenen Spurab-
stand innerhalb der Spurabstandssteue-
rungsbegrenzung plaziert;

Einstellen (507) der aktuellen Bandtrans-
portgeschwindigkeit auf die neue Band-
transportgeschwindigkeit; und

Neuaufzeichnen (468) der zweiten Daten-
spur auf das Magnetband bei der neuen
Bandtransportgeschwindigkeit.

8. Ein Verfahren gemal Anspruch 1, 2, 3, 4, 5, 6 oder

7, bei dem
der Einstellungsschritt folgende Schritte umfaft:

Beginnen der Geschwindigkeitseinstellung,
wenn die Drehtrommel so positioniert ist, dal
der Aufzeichnungskopf nicht Gber dem Band
positioniert ist; und
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10.

1.

22

Beenden der Geschwindigkeitseinstellung, be-
vor der Aufzeichnungskopf tiber dem Band po-
sitioniert wird.

Ein Verfahren gemaR Anspruch 2, 3, 4, 5, 6, 7 oder
8, das folgenden Schritt umfalt:

Zurucklesen der aufgezeichneten zweiten Da-
tenspur bei der neuen Bandtransportgeschwin-
digkeit, unmittelbar nachdem die aufgezeich-
nete zweite Datenspur auf das Magnetband
aufgezeichnet wird.

Ein Verfahren gemaR Anspruch 12, das folgenden
Schritt umfaft:

Neuaufzeichnen (468) der zweiten Datenspuir,
falls die aufgezeichnete zweite Datenspur nicht
lesbar ist.

Ein Verfahren gemaR Anspruch 1, das folgenden
Schritt umfaft:

Lesen einer Spur von dem Magnetband bei der
neuen Geschwindigkeit.

Revendications

Procédé pour enregistrer des données a des vites-
ses variables sur une bande magnétique (480) a
I'aide d'un dispositif d'enregistrement et de lecture
magnétique a vitesse variable, ladite bande étant
entrainée a travers un tambour rotatif (85) a une vi-
tesse de défilement de bande courante, ledit tam-
bour rotatif ayant une téte d'enregistrement (96, 97,
98, 99) placée sur celui-ci pour passer sur ladite
bande lors de la rotation dudit tambour, lesdites
données étant recues depuis un systéme hote (12)
et temporairement mémorisées dans un tampon de
données (64), ledit procédé comportant les étapes
consistant a :

controler (402) un niveau de tampon courant
(303) dudit tampon de données, ledit niveau de
tampon courant indiquant une quantité de don-
nées actuellement présentes dans ledit tampon
de données,

déterminer (402) une nouvelle vitesse de défi-
lement de bande sur la base dudit niveau de
tampon courant,

écrire (404) un premier nombre prédéterminé
de pistes factices (482, 487) sur ladite bande
magnétique a ladite vitesse de défilement de
bande courante,

ajuster (412) ladite vitesse de défilement de
bande courante a ladite nouvelle vitesse de dé-
filement de bande, et
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écrire (414/416) un second nombre prédéter-
miné de pistes factices (483/488) sur ladite
bande magnétique a ladite nouvelle vitesse de
défilement de bande immédiatement apres le-
dit premier nombra prédéterminé de pistes fac-
tices,

dans lequel ladite vitesse de défilement de
bande courante et ladite nouvelle vitesse de défile-
ment de bande sont chacune non-nulles.

Procédé selon la revendication 1, comportant I'éta-
pe consistant a :

enregistrer (418) une seconde piste de don-
nées (484, 489) sur ladite bande magnétique a
ladite nouvelle vitesse de défilement de bande
immédiatement aprés ledit second nombre pré-
déterminé de pistes factices.

Procédé selon la revendication 1 ou 2, comportant
I'étape consistant a :

enregistrer une premiére piste de données
(481, 486) sur ladite bande magnétique a ladite
vitesse de défilement de bande courante immé-
diatement avant ledit premier nombre prédéter-
miné de pistes factices.

Procédé selon la revendication 1, 2 ou 3, dans le-
quel ladite nouvelle vitesse de défilement de bande
est plus lente que ladite vitesse de défilement de
bande courante.

Procédé selon la revendication 1, 2 ou 3, dans
lequel :

ladite nouvelle vitesse de défilement de bande
est plus rapide que ladite vitesse de défilement
de bande courante.

Procédé selon la revendication 2, 3, 4, ou 5, com-
portant les étapes consistant a :

mesurer (446) ladite vitesse de défilement de
bande courante,

déterminer (448) si ladite vitesse de défilement
de bande courante se trouve a I'extérieur d'une
limite de commands de vitesse, et

si ladite vitesse de défilement de bande cou-
rante se trouve a l'extérieur de ladite limite de
commande de vitesse, exécuter les étapes
consistant a :

établir ladite nouvelle vitesse de défilement
de bande a une vitesse se trouvant dans
ladite limite de commande de vitesse,

ajuster ladite vitesse de défilement de ban-
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de courante aladite nouvelle vitesse de dé-
filement de bande, et

réenregistrer (486) ladite seconde piste de
données sur ladite bande magnétique a la-
dite nouvelle vitesse de défilement de ban-
de.

7. Procédé selon larevendication 2, 3, 4, 5, ou 6, com-

portant les étapes consistant a :

mesurer (444, 458) un pas de piste, ledit pas
de piste comportant la distance entre ladite pis-
te enregistrée et une piste précédant immédia-
tement la piste précédemment enregistrée,
déterminer (460) si ledit pas de piste se trouve
a l'extérieur d'une limite de commande de pas
de piste, et

si ledit pas de piste se trouve a I'extérieur de
ladite limite de commands de pas de piste, exé-
cuter les étapes consistant a :

établir (505) ladite nouvelle vitesse de dé-
filement de bande a une vitesse qui va pla-
cer un pas de piste mesuré suivant dans
ladite limite de commande de pas de piste,
ajuster (507) ladite vitesse de défilement
de bande courante a ladite nouvelle vites-
se de défilement de bande, et
réenregistrer (468) ladite seconde piste de
données sur ladite bande magnétique a la-
dite nouvelle vitesse de défilement de ban-
de.

8. Procédé selon la revendication 1, 2, 3, 4, 5, 6, ou

7, dans lequel :

ladite étape d'ajustement comporte les étapes
consistant a :

commencer ledit ajustement de vitesse
lorsque ledit tambour rotatif est positionné
de telle sorte que ladite téte d'enregistre-
ment n'est pas positionnée sur ladite ban-
de, et

réaliser ledit ajustement de vitesse avant
que ladite téte d'enregistrement ne soit po-
sitionnée sur ladite bande.

9. Procédé selon la revendication 2, 3, 4, 5, 6, 7, ou

8, comportant I'étape consistant a :

relire ladite seconde piste de données enregis-
trée a ladite nouvelle vitesse de défilement de
bande immédiatement aprés que ladite secon-
de piste de données enregistrée est enregis-
trée sur ladite bande magnétique.

10. Procédé selon la revendication 12, comportant
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I'étape consistant a:

réenregistrer (468) ladite seconde piste de don-
nées si ladite seconde piste de données enre-
gistrée est illisible.

11. Procédé selon la revendication 1, comportant |'éta-
pe consistant a :

lire une piste a partir de ladite bande magnéti-
que a ladite nouvelle vitesse.
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